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The Zn( I1 )  p r e c i p i t a t e  formed wj th  I<OH a p p e a r s  t o  c o n t a i n  abou t  

15-20% Zn (OH) 2 ,  t h e  remainder  b e i n g  ZnO . C o n s i d e r a b l e  NH3 is c o p r e c i p i -  
2+ 

t a t e d ,  p o s s i b l y  a s  Zn(NH3)4 , when Zn( I1 )  i s  added t o  NH3 s o l u t i o n .  

While t h e  NH3 i t s e l f  does n o t  appear  t o  be t r i t i a t e d ,  t h e  e f f e c t  i s  t o  

i n h i b i t  t h e  f o r m a t i o n  of  t r i t i a t e d  h y d r o x i d e .  

S i g n i f i c a n t  l o s s  of  t r i t i u m  th rough  exchange wi th  w a t e r  was 

obse rved  d u r i n g  e x t e n s i v e  washing.  The l o s s  can  be v i r t u a l l y  el- imina - 

t e d  by washing w i t h  t r i t i a t e d  w a t e r .  The p rocedure  does  n o t  produce an 

abnormal ly  hi.gh a c t i v i t y  i n  t h e  p r e c i p i t a t e  i f  it i s  c a r e f u l l y  d r i e d  

b e f o r e  c o u n t i n g .  

A@ i s  c o n v e r t e d  a lmos t  comple te ly  t o  AgZO i n  l e s s  t h a n  1 2  

hours  a t  1 4 0 ~ ~ .  The d i f f u s i o n  of oxygen from t h e  i n t e r i o r  o f  t h e  mater--  

i a l  d u r i n g  decomposi t ion  may be s low and t h e  Ago on t h e  s u r f a c e  may be 

more a c t i v e  t h a n  t h a t  i n  t h e  i n t e r i o r .  

El .ec t rochemical ly-prepared Ago a p p e a r s  t o  e x i s t  i n  a  f a i r l y  

u n s t a b l e  s t a t e  i n i t i a l l y ,  b u t  changes t o  a  more s t a b l e  form w i t h i n  2-4 

weeks a f t e r  b e i n g  p r e p a r e d .  



OBJECTIVES 

The o b j e c t i v e s  of t h e  c o n t r a c t  a r e  t h r e e - f o l d :  

( I )  The c h a r a c t e r i z a t i o n  of cadmiurn and z i n c  a n o d i c  r e a c t i o n  

p r o d u c t s ,  

(2) The t h e r m a l  decompos i t ion  o f  s i l v e r  o x i d e  and t h e  measure-  

ment o f  t h e  r a t e  of  decompos i t ion  o f  Ago and Ag20 a t  v a r i o u s  

t e m p e r a t u r e s  between 110' and 200 '~ .  

(3)  The d e p o s i t i o n  of s i l v e r  ca thode  m a t e r i a l  on z i n c  anodes .  

T h i s  r e p o r t  d e a l s  w i t h  p a r t s  o f  t h e  f i r s t  two o b j e c t i v e s  and w i l l  

b e  d i v i d e d  i n t o :  (A) t h e  i n v e s t i g a t i o n  of  t h e  p r e c i p i t a t e s  of  Zn (11) 

and Cd( I1 )  formed by p r e c i p i t a . t i o n  w i t h  a l k a l i n e  s o l u t i o n s  and (B) 

t l r~ermogravimetr ic  i n v e s t i g a t i o n s  o f  Ago. P r e l i m i n a r y  e x p e r i m e n t a t  i o n  

nn n a r t  (3) w i l l  b e e i n  n e x t  a u a r t e r .  

PRECIPITATION AXD CADMIUM OXIDES 

I n t r o d u c t i o n  

While t h e  r e s u l t s  shown i n  t h e  p r e v i o u s  r e p o r t  (1) s u g g e s t e d  

t h a t  ZnO was t h e  predominant  s p e c i e s  formed by p r e c i p i t a t i o n  w i t 1 3  KOH 

and Zn (OH) was t h e  predominant  s p e c i e s  f  ormed by p r e c i p i t a t i o n  w i t h  

N H 3 ,  s e v e r a l  d i s t u r b i n g  o b s e r v a t i o n s  remained unexpl-a ined and c e r t a i n  

p e r t i n e n t  q u e s t i o n s  unanswered.  I n  a l l  c a s e s  where p r e c i p i t a t i o n  o f  

Z n ( 1 I )  was accornp l i s l~ed  w i t 1 1  KOI-I, t h e  t r i t i u m  a c t i v i t y  r emain ing  i n  

t h e  p r e c i p i t a t e  s u g g e s t e d  t h a t  o n l y  a s m a l l  amount of Z ~ I ( O I - I ) ~  was formed.  

The c o n c l u s i o n  was Irtascad on t h e  assumpt ion t h a t  t h e  o n l y  t r i t i u m  remain-  

i n g  was l,oi~tlcd t o  the) z i n c  a s  t l ~ e  j j yd rox idc .  IIo\vevrr, t h c  appaa-eilt 

i~not i i~ ts  of: %n (OH) ra11::cd. f l l o m  2. 2 t o  1 2. 1% ( I  ) l ~ ~ i t l ?  d i s t u r b i n g  s t a ~ l c l -  

al-d d e v j  a t  ions w i  ?I1 i n  ca(.ll se  1 of  d,i t a . E'~lr?tllcrillo~-e , t l~c l -e  was d c f ' i ~ ! i t  c 
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ev ide r l ce  of  s i g n i f i c a i ~ t  excha~igr .  0 1  t r - i t i u m  between t l ie  p r l e c i p i t a t e  and  

w a t e r  w i t 1 1  the  p o s s i b i l i t y  t h a t  washii?g s e l - i o u s l y  r e d u c e d  t h e  a c t i v i t y  

of t h e  s o l i d  t h u s  l e a d i n g  t o  a n  e r r o n e o u s  co r l c lu s ion  t h a t  l i t t l e  Z ~ I ( O H ) ~  

was p r e s e n t .  Two ways i n  which t r i t i u m  migh t  be-washed o u t  o f  t h e  

p r e c i p i t a t e  a r e  r e p r e s e n t e d  by t h e  f o l l o w i n g  e q u a t i o n s :  

E q u a t i o n  (1) r e p r e s e n t s  an  exchange  w h i l e  e q u a t i o n  (2) r e p r e s e n t s  a  

d e h y d r a t i o n .  The l a t t e r  i s  l e s s  l i k e l y  t o  be r e v e r s i b l e  t h a n  t h e  f o r m e r .  

I n  NH3 p r e c i p i t a t i o n s ,  where r e l a t i v e l y  l a r g e  amounts  of Zn (01-1) 

a p p a r e n t l y  fo rmed ,  t h e r e  was t h e  p o s s i b i l i t y  t h a t  t r i t i a t e d  NH3 was 

formed and  was bonded t o  t h e  z i n c  s o  t h a t  what  a p p e a r e d  t o  be z i n c  

h y d r o x i d e  was a c t u a l ] - y  an  ammine complex .  T h i s  d i d  n o t  seem l i k e l y ,  

b u t  c o u l d  n o t  be  d i s c o u n t e d  a s  a  p o s s i b i l i t y .  

S e v e r a l  e x p e r i m e n t s  were p r o p o s e d  t o  t r y  t o  d e t e r m i n e  t h e  e f f e c t s  of 

t h e  w a s h i n g  p r o c e d u r e s :  (a )  P r e c i p i t a t e s  were t o  be washed w i t h  w a t e r  

a n d  wash ings  a n a l y z e d  f o r  t r i t i u m  a t  e a c h  s t e p  i n  t h e  p r o c e d u r e .  (b)  

The wash ing  p r o c e d u r e  was t o  be changed  t o  make e a c h  wash ing  more 

e f f e c t i v e .  (c )  The p r e c i p i t a t e s  were t o  be washed w i t h  3~ 0  t o  i n h i b i t  2  

r e a c t i o n  (1)  i f  it o c c u r s .  Some o f  t h e s e  e x p e r i m e n t s  a r e  d e s c r i b e d  

be  low.  

E x p e r i m e n t a l  - 

Proccdui .cs  f o r  p r e p L t r a t  i o n  and  a n a l y s i s  o f  ma1 e r i a l  s havc  hcerl 

descr~ibilcl i l l  tile eal-1ic-y r .epol- ls  (1 , L )  . 

Cadmillm wzs pr t .c . i l~i ta letf .  w i t h  KO11 .incl w i t h  N I I  a t  25G i- 0 .  2 ' ~ .  3 - 

1 or, Zinc \*.as p r e c i l i j  t n t u d  w i t i i  KO11 a  I 1 a t  25' !- U. ~ O C ,  at 55' :c 0 .  -J L, , 
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and wit l>ouf tempe13atur-c c o n t r o l .  'I'he i irlir i lequi  r e d  cor3 each p r e c i p i  - 

0 t a t  ioil  depericied 011 *cllc temperature , l o n g e ~ >  t imcs L:e i n g  needed a t  25 

t h a n  a t  55'. When t en ipc ra tu re  isas n o t  c o n t r o l l r d ,  p r e c i p i t a t i o n  was 

performed r a p i d l y .  rcr 

P r e c i p i t a t e s  were washed i n  t h r e e  ways and t h e  e x t e n t  of wash- 

i n g  was v a r i e d .  U n t i l  r e c e n t l y ,  each washing was done by a d d i n g  

10-15 m l .  o f  w a t e r  t o  t h e  p r e c i p i t a t e ,  s t i r r i n g  t h e  m i x t u r e  w i t h  a  

g l a s s  r o d ,  a l l o w i n g  it t o  s e t t l e ,  and d e c a n t i n g  t h e  s u p e r n a t a n t  th rough  

a f i l t e r  f u n n e l .  From f i v e  t o  f i f t e e n  washings were performed on a  

sample .  The p r o c e s s  was s low and s e p a r a t i o n  of each  wash i n 6  f rom t h e  

p r e c i p i t a t e  was i n c o m p l e t e .  The c u r r e n t  t e c h n i q u e  i s  t o  t r a n s I e r  t h e  

p r e c i p i t a t e  t o  a  c e n t r i f u g e  t u b e ,  add 1 5  m l .  o f  w a t e r ,  s t i r  w i t h  a g l a s s  

r o d ,  c e n t r i f u g e ,  and r e p e a t  t h e  s t i r r i n g  and c e n t r i f u g a t i o n .  A f t e r  t h e  

t h i r d  r ~ n t r i f u ~ a t i o n .  t h e  s u ~ e r n a t a n t  is d e c a n t e d  t h r o u g h  a f i l t e r  

f u n n e l .  The whole p rocedure  is r e p e a t e d  u n t i l  washing i s  c o n s i d e r e d  

comple te .  T h i s  p rocedure  i s  f a s t e r  t h a n  t h e  p r e v i o u s  one and s h o u l d  

p r o v i d e  c l o s e  approach t o  e q u i l i b r i u m  between t h e  was11 s o l u t i o n  and t11e 

p r e c i p i t a t e  m i x t u r e .  

The c u r r e n t  pl.oceduve was rnod i f i e d  i n  two exper in ien t s  by add ing  

s u f f i c i e n t  '1-1-0 t o  t h e  wash w a t e r  t o  nlake i-ts a c t i v i t y  c o r r e s p o n d  t o  
L 

t h a t  i n  t h e  supe l -na tan t  a t  t h e  end of t h e  P I - e c i p i t a t i o n  r e a c t  i o n .  I n  

t h i s  way, exchange of t r i t i u m  i n  t h e  p i - e c i p i t a t c  w i t h  t -ha t  i n  t h e  wash 

w a t e r  s h o u l d  be rninirnizcd. The p r 3 e c i p i t a t t . s  washed by t h i s  modi f i ed  

p rocedure  we1.e d r i e d  i n  vdcu~lrn o v e r  l'205. 

The  t r j t i u i n  ~ 3 c  t i v i t y  i ~ i  t l ~ c  ~rl,.~sliirigs wcis r ~ i c d : ~ u ~ ~ c i  i n  50-)c s j r n p ? c a _ ; .  

Arl iricicbt j ve saii lple of' z-iiic, p i 2 c c i p i i  ,ite w a s  for'nicrl 1)); add ing  

Zn (11) s o l u t i o n  Lo c o ~ ~ c e l ~ l r - , ~ i - e t l  NII  'J 'I~P p~ c c  i p i  i a1 e wds wasl1c.d by  tltc -I 

cenL1-ifuge nii" tllocl anti 111i.) \)ii~tsl~i~i;;b I c.sit>i! S o r  N I I  w i t 1 1  Nessl ti3 r . c a ~ ; ~ n l  ( 3 )  . 
3 



R e s u l t s  a n d  D i s c u s s i o n  

The r e s u l t s  of  t h e  p r e c i p i t a t i o n s  of  Z n ( I 1 )  w i t h  KOW a r e  shown 

i n  T a b l e  1. Each e x p e r i m e n t  compr i se s  a  sing1.e p r e c i p i t a t i o n ;  g r o u p s  
-m- 

of r e p ] - i c a t e  e x p e r i m e n t s  a r e  s e p a r a t e d  by s h o r t  l i n e s  i n  t h e  midd le  

of t h e  t a b l e .  I n  a l l  c a s e s ,  p r e c i s i o n  was p o o r ,  b u t  some were much 

worse t h a n  o t h e r s .  The w o r s t  p r l e c i s i o n  o c c u r r e d  where t h e  wash ing  was 

most c o m p l e t e .  Thus ,  t h e  a v e r a g e  d e v i a t i o n  f rom t h e  mean f o r  e x p e r i -  

ments  (6-8) is G O % ,  t h a t  f o r  e x p e r i m e n t s  (1-3)  is 23%, a n d  t h a t  f o r  

e x p e r i m e n t s  ( 9 - l i )  is 13%. The p r e c i p i t a t e s  i n  t h e  l a s t  were p r o b a b l y  

more t h o r o u g h l y  washed t h a n  t h e  o t h e r s  s i n c e  t h e  c e n t r i f u g e  method was 
I 

employed .  On t h e  o t h e r  h a n d ,  t h e  wash w a t e r  u s e d  f o r  t h e  l a s t  e x p e r i -  

ments  c o n t a i n e d  3~1 0  which i n h i b i t e d  exchange .  T h i s  is s t r o n g  e v i d e n c e  
2 

t h a t  e x t e n s i v e  wash ing  p e r m i t s  s u f f i c i e n t  exchange  between t h e  t r i t i a t e d  

a p p a r e n t  h y d r o x i d e  c o n t e n t  o f  t h e  s o l i d .  S t i l l ,  one is r e l u c t a n t  t o  

r e l y  on i n c o m p l e t e  washing  s i n c e  it may produce  o t h e r  e r r o r s  j u s t  a s  

s e r i o u s .  The u s e  of 3 ~ 2 0  i n  t h e  wash i s  f e a s i b l e ,  b u t  t h e  t ime  r e q u i r e d  

f o r  d r y i n g  is c o n s i d e r a b l e  . 

The r e s u l t s  of  t h e  p r e c i p i t a t i o n  of Z n ( I 1 )  w i t h  NH3 a r e  shown i n  

T a b l e  2 .  Here  a r e  s e e n  t h e  e f f e c t s  of more o r  l e s s  t h o r o u g h  wash ing  

on t h e  a c t i v i t y  i n  t h e  \$?ash w a t e r ,  t h e  a p p a r e n t  Zn(OH)2 c o n t e n t ,  a n d  

t h e  p r e c i s i o n  of  t h e  r e s u l t s .  The e f f e c t  o f  c h a n g i n g  t h e  o r d e r  o f  

a d d i t i o n  o r  r rdgc3n t s  i s  a l s o  a p p a r e n t .  

C x p r r - i ~ n e n t s  (1-3)  and  ( 7 - 9 )  were i d e n t i c a l  exc.cpt f o r  t h e  wash-  

irig p~ oc~r~r!ilve a r ~ d  i t s  c x t e n t  . The f i r s t  gixouyt ,  . ic i  t h  Icss wash ing, 

sllows a 11 i g h e r  a p i ~ a r e ~ l  t I tydruxitle con t e n t  and a11 average clevi a t  i  or1 f rom 

((1 - 6 )  arid (1 0 -1 2) wc:re pel-i'o~>~nr>c! w i i.11 C ~ L I  i ? t .  d j  l ' i ' r l ~ c ~ n t  procedut-es  y ~ i -  
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t h e  r e s u l k s  a r e  more n e a r l y  t h e  same 2nd t h e  a v e r a g e  d e v i a t i o n s  f rom 

t h e  mean a r e  2% and 6%, r e s p e c t i v e l y  , The l a t t e r  g r o u p  prmlsably gave 

good r e s u l t s  b e c a u s e  t h e  '11 0  i n  t h e  wasli i n h i b i t e d  exchange  o f  t r i t i u m .  2 

I t  is  i n t e r e s t i n g  t h a t  more z i n c  was r e c o v e r e d  ih e x p e r i m e n t s  (10-12)  

t h a n  i n  any  o f  t h e  o t h e r s  r e p o r t e d  h e r e  E x p e r i m e n t s  (1-6)  were p l a g u e d  

w i t h  t h e  d i f f i c u l t i e s  of  work ing  i n  a  s y s t e m  f r e e  o f  L O 2 ,  t h u s  l o s s e s  

a r e  t o  be e x p e c t e d .  Low r e s u l t s  i n  e x p e r i m e n t s  ( 7  -9) may be c a u s e d  by 

t h e  v e r y  e x t e n s i v e  wash ing  , 

The h i g h  a c t i v i t y  i n  t h e  l a s t  wash ings  i n  e x p e r i m e n t s  (7-9)  a r e  

r e m a r k a b l e  and  h a v e  n o t  been  e ~ p i a i n e d  The wash ings  showed a  h i g h  

enough coun t  througl2out  t h e  s e r i e s  t o  s u g g e s t  t h a t  more a c t i v i t y  h a d  

been  washed o u t  t h a n  was o r i g l n d l l q  p i - e s e n t .  Even more s u p r i s i n g  is  

t h a t  t h e  t w e l f t h  wash lng  i n  e a c h  of t h e s e  c a s e s  showed c o n s i d e r a b l y  

h i w h ~ r  - artivi t-v t h a n  ( l i d  t h ~  red issolb~d n r l ~ c  initates Sinre the o n l v  

s o u r c e  o f  t r i t i u m ,  p r e s u m a b l y ,  was t h e  p r e c i p i t a t e  b e i n g  washed ,  t h i s  

is d i f f i c u l t  t o  u n d e r s t a n d .  T h i s  phenomenon w i l l  n o t  be i n v e s t i g a t e d  

f u r t h e r  f o r  t h e  p r e s e n t .  

The r e s u l t s  o f  e x p e r i m e ~ t  s 14-6) where a l m o s t  100% Zn (011) is 

i n d i c a t e d ,  a r e  p a r t i - c u l a r l y  i n t e r e s t i n g .  K e s u l t s  shown i n  T a b l e  2 o f  

t h e  p r e v i o u s  r e p o r t  (1)  i n d i c a t e d  t h a t  p r e c i p i t a t e s  fo rmed  w i t h  NH3 h a d  

r a t h e r  h i g h  Z n  (OH) c o n t e n t  and  d c v i a t  i o n s  be tween r e s u l t s  were f a i r l y  

low compared w i t h  t h o s e  o b t a i n e d  mow i 3 e c e n t l y .  The d a t a  shown i n  

T a b l c  2 of t h e  p r e s e n t  r e p o r t  were  s u p r i s i n g ;  e x p e r i n i e n t a l  s i m i l a r i t i e s  

wcl.3-c s o u g h t .  A l l  o f  t h e  exper , i rnents  i n  T a b l e  2 ,  e x c e p t  ( 4 - G ) ,  were p c r -  

f'o~xrncd 1151 at ld i r lg  Z1i ( T I )  l o  the  c ~ o i l c ~ ~ i ~ l  ildtedd N l i  s o l u t  j o n .  Exposure of 3 

t11e NI13 s o l t l t i o i l  1 o the a t r n o s p l ~ e ~ ~ c  i ~ ?  a ~ L I I  e l  uviJl' tlre 1o11g pc.ri od  

reclll il.c.tl Tol. p~xecxi p i t a t  i o n  a t  ro~itrcr J l c d  t en ip r l~ , a t i~ r , e s  w,~s c o n s  icle13ctd 



undes i : .a?~le because  N H 3  inigllt be l o s t  t h r o u g l ~  evapor-at ioii i : , ~  t!r s o l u t i o n  

n i ig l~ t  he coi~Larr~inaterl  wi th  C02. T h e r e f o r e ,  Zrl(1I) was added t o  t h e  N K I  

s o l u t i o n - - - j u s t  t h e  r e v e r s e  of  t h e  p rocedure  i n  a l l  of  t h e  e x p e r i m e n t s  

r e p o r t e d  p r e v i o u s l y .  However, t h i s  method was faund  t o  be irnposs i b l e  

0 
a t  55 because  t h e  vapor p r e s s u r e  of  t h e  N H 3  was t o o  g r e a t ;  t h e r e f o r e ,  

NH3 was added t o  Zn( I1 )  a t  t h i s  t e m p e r a t u r e  o n l y .  The r e s u l t s  can  be 

s e e n .    he o n l y  s i m i l a r i t y  between t h e  method used. f o r  e x p e r i m e n t s  

(4-6)  and t h o s e  r e p o r t e d  p r e v i o u s l y  is t h e  a d d i t i o n  of NH t o  t h e  Z n ( 1 I ) ;  
3  

a lmos t  e v e r y  o t h e r  a s p e c t  was d i f f e r e n t .  

One might  e x p e c t  NH t o  be s t r o n g l y  c o p r e c i p i t a t e c l  by Zn(0H) 
3  2 

o r  even ZnO i f  t h e  NW were i n  e x c e s s  a s  is t h e  c a s e  th roughou t  most 3 
2+ 

of p r e c i p i t a t i o n  when Zn( I1 )  i s  added t o  N H 3 .  I f  Zn(NH3)4 were fo rmed ,  

adsorbed  on t h e  p r e c i p i t a t e  and t h e n  occ luded  a s  more p r e c i p i t a t e  

fo rmed ,  t h e  p r e c i p i t a t e  would c o n t a i n  l e s s  Zn(OH)2 t h a ~ l  e x p e c t e d  e v e n  

though a l l  ol- t h e  z i n c  were c a r r i e d  down. On washing,  some of t h e  

amrnine complex would be d e s t r o y e d  and it might  be r e p l a c e d  by Zn(0H) 
2 

formed i n  t h e  absence  of t r i t i u m .  I n  e i t h e r  c a s e ,  t h e  a p p a r e n t  h y d r o x i d e  

c o n t e n t  would be low and be s u b j e c t  t o  t h e  v a g a r i e s  of  t h e  wash ing  pro- .  

c e d u r e .  On t h e  o t h e r  hand ,  c o p r e c i - p i t a t i o n  o f  NH s h o u l d  be l e s s  if t h e  3 

NH were added t o  t h e  Z n ( I 1 )  s o l u t i o n  because  t h e  pH would n e v e r  be h l g h  3 

enough f o r  complex f o r m a t i o n  and NI13 would n e v e r  be i n  e x c e s s  e x c e p t  

l o c a l l y  and b r i e f l y  . Thus ,  t h e  p l l e c i p i t a t e  would be p redominan t ly  

Zn(OH)2 and ZnO and t h e  l ~ y d r o x i d e  wou1.d be t r i t i a t e d .  T h i s  argument 

can  accoun t  f o r  t h e  f a c t  t h a t  t h e r e  is a  h i g h  a p p a r e n t  hydrox ide  c o n t e n t  

tlhen t h e  p r e c i p i t a t e  i s  washed w i t h  t r i t i a t e d  wat-er even though t h e  !\I11 
3 

was a l l o ~ ~ e d  Lo be i n  excess d u r i n g  t-he p r e c i p j t a t i c n .  

That  NII i n  some fo rm,  a c l l ~ e ~ e s  s t - ~ ~ o n g l y  t o  ilie p r c c i p i t a i e  h a s  
3 ' 

heen d c ~ n o n s t ~ a t e d  by an expcllirnent i n  wh j ch t h e  p r e c i p i t a t e  formed w i  ll-I  



NH was washed u n t i l  t h e  washings showed no i n d i c a t i o n  of animonia. 
3 

The p r e c i . p i t a t e  was formed by adding Zn ( I T )  t o  N i i 3 ;  t h e  washing was 

done by t h e  c e n t r i f u g e  t e c h n i q u e .  Only i n  t h e  14th  washing h a d  a l l  

e 

i n d i c a t i o n  of N H 3  d i -sappeared.  

Table 3 shows t h e  r e s u l t s  of p r e c i p i t a t i n g  Cd(l1)  wi th  KOH and 

wi th  NH3 a t  25' 2 0 . 2 ' ~ .  The experiment wi th  NH3 was n o t  s a t i s f a c t o r y  

because  l o s s e s  through complex fo rmat ion  were s e v e r e ;  t h i s  phase of 

t h e  work w i l l  n o t  be con t inued .  The p r e c i s i o n  o f  t h e  KOH p r e c i p i t a -  

t i o n s  i s  n o t  s a t i s f a c t o r y ,  b u t  t h e  t e chn iques  developed wi th  t h e  z i n c  

system may be a p p l i c a b l e .  

Conclusions  - 

The d a t a  s u g g e s t ,  a g a i n ,  t h a t  ZnO is t h e  predominant s p e c i e s  

formed when z i n c  is p r e c i p i t a t e d  wi th  I(OI3; however, t h e  r e l a t i v e  amount 

oc 7- f n ~ \  ;c n w n h = r h l v  r r v ~ a t ~ v  +hnn w a s  n r ~ ~ ~ i n i l c l . i r  t h n l ~ a h t  h ~ i i 3 o  h ~ t w ~ e n  
- - ' ' /  - - - - 

15  and 20%. Zn (OH) is  s t i l l  cons idered  t h e  predominant s p e c i e s  when 

z inc  i s  p r e c i p i t a t e d  by ammonia. The apparen t  hydroxide con t en t  depends 

on t h e  procedure used f o r  p r e c i p i t a t i o n .  Addi t ion  of ammonia t o  t h e  

z i n c  s o l u t i o n  produces  more r ep roduc ib l e  r e s u l t s  t han  a d d i t i o n  of z inc  

s o l u t i o n  t o  ammonia. C o p r e c i p i t a t i o n  of t h e  z i n c  ammine complex may 

a c t u a l l y  p reven t  p r e c i p i t a t i o n  of some of t h e  hydroxide from t h e  t r i t i -  

a t e d  s o l u t i o n  s o  t h a t  t h e  apparen t  hydroxide con t en t  i s  lower when 

ammonia is al lowed t o  be i n  e x c e s s .  

Cadmium p r e c j p i t a t e s  show about  40% hydroxide .  The resu1.t-s a r e  

sl tetchy , a s  y e t ,  and more expeririients of t h e  type  per1i'ormed with  t h e  

zinc, sys t em a r c  ncccss~11.y.  P ~ . c c ~ i p i t a t  i o n  wi t l )  ammoilia is i l o t  praciical 

a t  prbet;cni and wi l 1 be d i s c o n t  j n i ~ e ~ i ,  



- 8 -  

i n v e s t i g a t e d  a t  p p e s e n t .  Washing i s  b e i n g  done w i t h  t r i t i a t e d  w a t e r .  

P r e l i m i n a r y  e x p e r i m e n t s  t o  de te rmine  t h e  forin o f  t h e  anod ic  p r o d u c t s  

a t p o r o u s  z i n c  e l e c t r o d e s  i n  KO13 e l e c t l l o l y t e  s o l u t i o n s  w i l l  b e g i n  and 
e 

w i l l  p robab ly  form t h e  major e f f o r t  i n  f u t u r e  work on t h e  z i n c  sys tem.  

The i n v e s t i g a t i o n  of  t h e  cadmium p r e c i p i t a t e  w i l l  be  c o n t i n u e d  

a n d ,  i f  p o s s i b l e ,  some exper imen t s  w i t h  e l e c t r o c h e m i c a l  oxid-a t ion  w i l l  

b e  s t a r t e d .  

B . THERMAL DECOMPOSITION OF Ago 

E x p e r i m e n t a l  

AgO was p r e p a r e d  e l e c t r o l y t i c a l l y  a c c o r d i n g  t o  a  method d e s -  

c r i b e d  by J o l l y  (4). One sample was p r e p a r e d  u s i n g  P t - f o i l  e l e c t r o d e s  

and a n o t h e r  u s i n g  P t - g r i d  e l e c t r o d e s .  Thermograms were o b t a i n e d  a s  

p r e v i o u s l y  d e s c r i b e d  (1) e x c e p t  t h a t ,  f o r  c o n s t a n t - t e m p e r a t u r e  e x p e r i -  

1 1  x - * -  7 -  - L -  1 3. .,- * - , - I - .  3 - . . - & I -  - 3 
,,,L,, L d  , L11L L I I L L  , I I V L " \ A t J I \ -  ..lil.J I I I Y . L . I I  LU "UI O I U b  C 1 . L  I. ,ACIII,t+;IUV.. .I  LUU.. U l l W  

i n s i d e  t h e  f u r n a c e  a t  a p o s i t i o n  c l o s e  t o  t h e  sample .  Even w i t h  t h i s  

m o d i f i c a t i o n  , r e c o r d e r  n o i s e  was e n c o u n t e r e d  a f t e r  s e v e r a l  h o u r s .  

F u r t h e r  equipment m o d i f i c a t i o n s  a r e  b e i n g  c o n s i d e r e d .  

R e s u l t s  and D i s c u s s i o n  

E l e c t r o c h e m i c a l l y  p r e p a r e d  Ago was i n i t i a l l y  b l a c k  and r a t h e r  

c r y s t a l l i n e  a s  opposed t o  t h e  d a r k  g r a y  powder formed c h e m i c a l l y .  How- 

e v e r ,  t h e  b lac l t  c o l o r  changed t o  t h e  more c h a r a c t e r i s t i c  g r a y  a f t e r  

s t a n d i n g  i n  t h e  d a r k  f o r  a  week o r  two. U n f o r t u n a t e l y ,  no  thermograms 

were made of  t h e  m a t e r i a l  s h o v t l y  a f t e r  p r e p a r a t i o n ,  s o  no  comparison 

o f  t h e r m a l  c h a r a c t e r i s t i c s  is a v a i l a b l e  a t  p r e s e n t .  F i g u r e  1 shows a  

tl.i~1~liiogr~~111 o f  t l l ( \  n ~ ~ i l e x ~ i a l  p r ~ p i i ~ l e d  w i l  11 P t  - f o i l  (21 e c t r o d e s  . TIIC form 

is 1nuc11 l i k e  pr3evious t h e r ~ n o g r ~ ~ m s .  ?Ile rrtidi>oi~l-t ol' i h e  ssecoi~d p l , t l  t - a ~ l  

o c c u r s  a t  about  0 . 5 1  'i~llicli suggest ifla1 t h e  : ;ar ,~i~les c c n t a i n  ; v o l a t i l e  

im?ul3itq' w115 rh d o ~ s  n u t  s l ~ o w  up a t  111" 11ci.?L i n 9  r a t  e employed. The 



t o t a l  weight  l o s s  I'or p u r e  Ago on l ~ e a t i n g  s l ~ o u l d  be IZ.!llO/o of t h e  

o r i g i n a l  sample we igh t ;  t h e  l o s s  f o r  t h i s  m a t e r i a l  was 13.30%. A 

srnall ar;iount of m o i s t u r e ,  f o r  example,  cou ld  account  f o r  t h i s  d i f f ' e r -  

ence  and f o r  t h e  upward s h i f t  i n  t h e  p l a t e a u  of - the  t l~e l~nog ram.  k l t e r -  

n a t i v e l y ,  a s m a l l  amount of Ag203, which might n o t  show i n  t h e  

thermogram, cou ld  a l s o  account  f o r  t h e  s h i f t .  

F igure  2 shows a t y p i c a l  cons t an t - t empe ra tu r e  thermogram of 

chemica l ly  p r epa red  Ago a t  1 4 0 ' ~ .  The r e s u l t s  a r e  normal ized s o  t h a t  

a  maximum we igh t - l o s s  would be r e p r e s e n t e d  a s  1 . 0 0 0 ,  The we igh t - l o s s  

a t  11 .6  hours  of h e a t i n g  is  48.5% of  t h e  expec ted  t o t a l  i f  t h e  m a t e r i a l  

had been reduced t o  t h e  m e t a l .  The l o s s  cor responds  t o  about  97% 

convers ion  of t h e  Ago t o  Ag20. Oxygen is assumed t o  be t h e  on ly  

subs t ance  l o s t ,  a l though  t h i s  is  n o t  c e r t a i n  a t  t h i s  t i m e .  The 

maximum we igh t - l o s s  found p r e v i o u s l y  f o r  t h i s  m a t e r i a l  was 13.19% of 

t h e  o r i g i n a l  sample weight  . 

There is  a c u r i o u s  "wobble" i n  t h e  curve  i n  F igu re  2  e a r l y  i n  

t h e  h e a t i n g  p e r i o d .  The i n i t i a l  r a t e  of change is compara t ive ly  h i g h ,  

d e c r e a s e s  s l i g h t l y ,  t hen  i n c r e a s e s  and con t i nues  t o  f o l l o w  what might 

be c a l l e d  an "expected curve" .  T l ~ i s  r a t e  change h a s  been observed  

i n  a l l  cons tan t - - t empera tu re  the?-mograms of t h i s  ba t ch  where t h e  temper-  

a t u r e  c o n t r o l  was adequa te .  ( I t  was n o t  observed i n  t h e  curve  shown 

i n  t h e  l a s t  r e p o r t  because  t h e  t empera tu re  was riot w e l l  c o n t r o l l e d  

i n  t h e  i n i t i a l  s t a g e s  of t h e  exper iment . )  The phenomenon might be 

caused by some h i g h e r  o x i d a t i o n  s t a t e  of s i l v e r  o r  by t h e  p resence  of 

moistul-c. The l d t t e r l  seelrls l ~ s s  l i k e l y  I ~ c t - d ~ ~ s t ~  one ~vould  water. 

t o  11e ~-eiiio\r~d in l e s s  tllan a  h a l f  haul-. 

P o s s i b l y  a rnol-e sit-ract j v e  s p i ~ c t l l  a t  i o r 1  i s  t l ~ a t  oxygell f r o m  thr? 

s u r f a c e  1 a y e r s  is 1-ead i ly  removcd as sou11 a s  i t  is r o i - l ~ ~ c d  \vhi l e  oxygen 
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i n  t h e  body of  t h e  m a t e r i a l  must have t ime  t o  d i f f u s e  t o  tlie s u r f a c e  

b e f o r e  it can e s c a p e .  Thus ,  t h e r e  would be  a  r a p i d ,  i i l i t i a l  l o s s  of  

w e i g h t  which would s low a s  t h e  s u r f a c e  l a y e r  became d e p l e t e d .  Then,  

a s  oxygen d i f f u s i n g  from t h e  i n t e r i o r  r e a c h e d  tKe s u r f a c e ,  it would 

be l o s t  and t h e  r a t e  would i n c r e a s e  u n t i l  an  e q u i l i b r i u m  between t h e  

r a t e  of  f o r m a t i o n  w i t h i n  t h e  s o l i d  and t h e  r a t e  of  removal  from t h e  

s u r f a c e  was o b t a i n e d .  If t h i s  h y p o t h e s i s  is c o r r e c t ,  t h e  e f f e c t  s h o u l d  

be m a g n i f i e d  a t  some o t h e r  t e m p e r a t u r e ;  it is  u n l i k e l y  t h a t  d i f f u s i o n  

r a t e  and decompos i t ion  r a t e  would change i n  e x a c t l y  t h e  same way w i t h  

t e m p e r a t u r e .  One might  e x p e c t  a s i m i l a r  o b s e r v a t i o n  i n  a  v a r y i n g -  

t e m p e r a t u r e  thermogram i f  t h e  h e a t i n g  r a t e  were changed.  

Conc lus ions  

It is e v i d e n t  t h a t  Ago i s  c o n v e r t e d  a lmos t  comple te ly  t o  Ag 0 
2 

r -  l,,, 1 3  h-~ lnc  =I+ lllnOf' Thova i c  nxri i lonnn +ha+  1 - h ~  r n x t p v i a ]  
- - 

used is n o t  p u r e  Ago b u t  may c o n t a i n  w a t e r ,  some h i g h e r  ox ide  of  s i l v e r ,  

o r  b o t h .  F u r t h e r  e x p e r i m e n t s  s h o u l d  i n d i c a t e  which it i s .  

E lec t rochemica l l .y  -p repared  Ago is  a l s o  impure , c o n t a i n i n g  

e i t h e r  w a t e r  o r  a  h i g h e r  o x i d e  of  s i l v e r .  I n i t i a l l y ,  t h e  m a t e r i a l  

a p p e a r s  t o  be i n  some r e l a t i v e l y  u n s t a b l e  form e i t h e r  a s  a  chemica l  

s p e c i e s  o r  a  c r y s t a l  form. Th i s  c h a r a c t e r i s t i c  r e q u i r e s  f u r t h e r  i n v e s  - 

t i g a t i o n .  

Proposed Work - 

The t h e r m a l  b a l a n c e  i s  t o  be f u r t h e r  m o d i f i e d  t o  a l l o w  l o n g -  

ter-m c o n s t a n t  - t empera tu re  r u n s .  Cons tan t  -Cernpclqature thermograrns of  

e l e c t i - o l y t i c l  RgO w i l l  be m a c l ~  and f ' lirtll~r ~ ' o r i s f d n t  - ~ C I I I E ) ~ I - ~ ~ L I ~ ~ C  tl2cr-iro- 

grbi;is of  chcmical  Ag0 will ljc p:-spared at t e m p e r a i  ill-es oilier titali l l l l f o ~  

An at-tempt w i l  1 1)c macie C o  i s01  a l e  i l l p  imk)l:r-i-ty i n  Cher;e rnal r r . i d l  s. 
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Coinnierjcial. AgO will bc i i ~ v e s t - i g a t e d  i f  it can be found in a r e a s o n -  

a b l y  p u r e  corm. V a r y  i n g - t e m p e r a t u r e  therni :~grar~ls  w i  11 be rnade a t  

lower  heating r a t e s .  

*,* 



P r e c i p i t a t i o  ! of ZnO w i t h  KOH 

Expt Temp Number o f  A i n  l a s t  Z n ( : l )  Appa ren t  

Ncmber ('c) Washings Washing (cmp/50h) Recove r  2 i (meq) % Zn (OH) Remarks 
-- -- - - 

7 
L 55 6 19  1 0  I 11.1 Z n ( I 1 )  s o l n .  added  tc KOIi s o l n .  

99 9 3 21.9 

G 9C.5  1 . 4  KOH s o l n .  added  t o  Z n ( I 1 )  s o l n .  I 

1 0  3 0 .7  KOH s o l n .  added  t o  Zn (11) s o l n .  

9 2 . 0  1 4 . 3  I<OH s o l n .  added t o  Zn (11) s o l n .  
Wash w a t e r  c o n t a i n e d  t r i t i u m .  

S 2.5 19 .9  Washing by c e n t r i f u g e  method.  
No temp. c o n t r o l .  

S4.5 1 9 . 6  



P r e c i p i t a t i o n  o  l Zn (OH) w i t h  NH3 

E x p t  Temp Number of A i n  l a s t  Zn (11) Apparent  
Nurber (OC) \$ash i n g s  Wash i n g  (crnp/50 )\) Recovered (meq) % Zn (OH) Remarks - .. - 

1 2 5 6 19 2 72.  3 3 7 . 1  Zn(I1)  s o l n .  added t o  NH3 s o l n .  

81 .5  (101) NH3 s o l n .  added t o  Z n ( I I j s o 1 n .  

87 .5  96.2  I 

8 0 . 3  1 . 2  Zn (11) s o l n .  added t o  NH s o l n .  
Washed by c e n t r i f u g e  metgod. 

80 .2  17 - 5  No temp. c o n t r o l  

95.7 83 .0  Zn(I1)  s o l n .  added t o  MZ1 s o l n ,  
Wash wa t e r  c o n t a i n e d  t r i t i u m .  

91. E 90.2  Washed by c e n t r i f u g e  method. 
No temp. c o n t r o l .  

90.1: 99 .3  



P r e c i p i t a t i o n  of C i  cmium wi th  KOH and NH3 

Exp t Temp Number of A i n  l a s t  C d  (I: Apparent  
Wumher (OC) Plash i ngs  Washing (crnp/50/i) Recoverel (rneq) % C d  (OH) Remarks -- 

I A 2 5 I1 2 7  88.1 40.4  c d ( I I )  s o l n .  added t o  KbH s o l n .  

4 2 5 9  1 8  25.1: 1 6 . 9  Cd (11) s o l n .  added t o  NH3 s o l n .  

5 7- l? 1 3  30.1 4 2 . 1  
I 

5 1. T T 2 2 26. 14 .7  z 
I 
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Figure 2. Constant -Tempe: ' i  i ture  Thermogram a t  140 
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